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TECETKIICAL BTTWLB 

This invasion rdlateifto & masker for 5sotetion and identification of 

i cells. Also included are methods and uses of such a 
marker as weE as an enridt4d cellular population amd a cellular composition 
comprising the enriched ceililar composMon. 

© ACKGROIUNB OF TOM HWEHTSON 
10 Mesenchymal stem cells 1 1 

The adult body houses so eaSled stem ©ells tShat as© capable of dividing msay 
times while also giving rise to daughter cells with specific pheaoiotj/pical 
characteristics. Several types off stem ©ells assist to the body including embryonic 
stem cells, haematopoietic stem cells and mesenchymal stem cells. Mesenchymal 
15 stem cells are able to form mesenchymal tissues such as heme, castilage, muscle, 
bone, Ugament, fet a&d bon s marrow stroma. Figuire 1 shows a schedule of 
suggested stepwise trmsitic as from putative mesenchimal stem ceils (MSG) to 
highly differential phenolypes. Tim mesenchymal stem cells are located in bone 
marrow, around blood vess jIs, in fiat, sMn, muscle, bone and other tissues. Their 
20 presence contributes to the reparative capacity of these tissues. 

Medical use o/MSC : . 

Currently, the medic &1 use of MSG is to esepllore their potential in the 
regeneration of tissues that pe body cannot naturally repair or reggaezate whea 

25 challenged. For this, MSG pre isolated, expanded in culteE© m& stimaslated to 
differentiate into connective tissues such as bone, cartilage, muscle* bone marrow 
stroma, tendon, fat and others. These tissue-engineered constructs caia then be re- 
introduced into the human >ody to repair lost or damaged tissue. In another 
approach MSG can be directly stimulated in vivo to induce the formation of specific 

30 tissues m situ. 

Having defined MSC as potential "building blocks* for tissue engineering 
and transplantation, iresearc he*s are now searching for better ways to identify, isolate 



and characterize MSG. 



35 AlphaW 

A newly discovered collagen«bindsng integrm, alpfoalObetal, includes the 
integrin subuait alphalO (G amper et aL, (1998) L BioL Chem. 273.20383-20389). 
The integrin is expressed ^ chondrocytes and shows a Mr of ISO EsDa after 
reduction when isolated fhfm bovine chondrocytes by collagen type XI affinity 



'02 



06/14 14:38 FAS +4 6 40 311983 0 ALBISNS fi HAUH6 AB 

+46 40 6U9G60 



©007/028 



!0 



Ink. t rsfe* och mperkst 
? -OS- 1 * 

Huvudfux'jn Kcissan 

purification. 

Cloning and elDNA sequencing showed that it shaiees the general structure of 
other integrin alpha subqnutJL The predicted ammo acid secjnenc© consists of a 1 167- 
amino acid mte protein, ^ictadmg a signal peptide (22 mmo adds), a long 
5 extracellular domain (1098 amino adds) a ifr^smeMtang domain (22 amino acids), 
and a short cytoplasmic donaaia (22 ammo acids), to contrast to most alpl&^in&egrin 
subimits* the cytoplasmic doUain of alphal 0 does not contain the conserved 
sequence OBFF(R/&)R. llstead, the predicted amino acid sequence in alphalO is 
KLG1FFAH. It is suggested tet the GEFKR motif in slpSna-chaims aire impoiSant for 
10 association of iategrin snbuaits and for transport of the integrin to the plasma 
membrane (Be Melker et ak (1997) Biochem. Jf. 328:529-S37). 

The extracellular paat contains a 7-fold repeated sequence, an i-domain (199 
amino acids) and three putakve divalent ca&on-a binding sSte* The deduced asniino 
acid sequence of alphalO 5s 35% identical to the integrin smbimil alpha! and 37% 
identical! to the infcegirin sub 1 mit alphal* Sequence analysis has revealed that the 
alphalO subunit is most closely related to the I donrnin^cOTtaiiaiaag a sublimits with 
the highest identity to alpiJl (37%), a!pha2 (35%) and alphal 1 (42%). 
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Alphall 

The aiphal 1 Sntegririhas recently been identified on colttaired human foetal 
muscle ©ells. The cloning and chasacterisaiion revealed an X-domain containing, 
betfal -associated protean. 

The open reading feaime of tfflte cDNA encodes a precursor of 1 £88 amino 
acads. The predicted mstxm j protein of 1166 asnino acids coatesns 7 conserved 
FGGAP repeats, an tdomata with a MBDAS motif, a sSnoft tmswrnsbsmv region 
and a unique cytoplasmic domain off 24 amino acids containing the sequence 
GFFKS. ; 

Alphal 1 contains three potential divalent cation binding sites in repeats 5-7. 
The presence of 22 inserted amino acids in the exteacellnlar stalk portion (amino 
acids 804-826) distingwishis the alphall infiegrin seqqxeace ftetfeer feom other 
integrin alpha-chains s 



35 



Amino acid sequence comparisons reveal the highest Menus®? (42%) with the 
alphalO iategrin. chain. Inn luaoprecipitation wiih antibodies to the a^shal 1 mtegrim 
captured a 145 kDa protein ' jdisiaactty larger than <he 140 KDa a^>ha2 mtegrim chain 
when analysed by SBS-PA 3E under non-reducing conditions. 

i 

Isolation and identification SfMSC 

The identification off MSG in situ is hanq^d _ _ _ A 
and unique molecular probes do &ot exist. It is therefore necessasy to 



'02 08/14 14 : 38 FAS +46 40 611968 0 r . U&IWib MALMO AB @ 008/028 

+46 40 6119660. Ilfc 1 fcfc* fdl IBMrifil 



CO 
fULD 



3 Hw/ytifoxon Kassan 

characterize mesenchymal stem cells to identify probes or combinations of probes 
that cam unequivocally identify snesenenymal stem cells in tissue. Such markers will 
£p also be useful for the isolation of mesenchymal stem cells fiom tissues. 

Q Approximately one cjsll out of 100.000 nucleated cells in bone marrow 

^J) 5 aspkatosDse^eci^tobetfimesmGhyxiaalstemceM. OssreEdy, the main memod for 
UU1 ^ isolation of mesenchymk stem cells from bone marrow is based on their 

capacity to adhere to plastic iciiteure dishes and foam colonies wMle me majority Q f 
bone marrow cells do not adhere and form colonies. These colonies are then further 
expanded and then induced with defined fectors to dSffeirentaate into specific 
10 mesenchymal tissues. It is hot clear, however, whemer me mesenchymal stem cells 
isolated this way are a homogenous population. It will therefore fee important to 
find markers that can be used to Sdenti£r subclasses of mesenchymal stem cells wifo 
specific differentiation potentials. 

In US 6 200 60S, & isolation of callage or bone precursor cells fiom 
IS hematopoeticandnon-hem^topoe^ccdIsl^me©seofCD34 as a mate and foe 
forther use of isolated stemteells in bone and cartilage zegenessition processes is 
described. Still, no specific marker for mesenchymal stem cells is identified nor " 
disclosed. The CB34 markets esqpressed on early lymphohsnoatopoietic stem and 
progenitor ceils, small-vesdei endothelial cells, embxyoaSc fibroblasts, and some 
20 cells m fetal and adult nervUs tissue, bematopoietfe progenitors derived to fetal 
yolk sac, embryonic liver, tjhd estra-hepatic embryonic tissues including aorte- 
associated hematopoietic pjdgenStars in the S week human embryo. 

Pittenger at al. ((199p) Science 284:143-147) have used a density 
centrifogation of human bojhb mainrow to Isolate human MSG. Cellular maskers TO ed 
25 to identify foe MSG are SH-3, CD29, CB44, CB71, CD90, CB106, CDOOa, 
CD 124. 1 

Majumdar et at, ((2000) J. Cell. Physiol. 285:98-106) have used CB10S as a 
marker for enrichment ofhjiiinan MSG from bone marrow. 

Denni et al., «2002)| : Celis Tissues Organs 170:73-82) have used a marker 
30 called Stro-1 to enrich human MSG from bone marrow. 

All markers mentioned so far may be used for enrichment of hMSC. Still, 
they are not exclusive for BjSjSC, and it is unclear how homogenous foe isolated MSG 
populations are when enriched using these markers. Monospecific and unique 
probes for the identification jof hMSC do not esdstas of today. 
35 Furthermore, maskers are needed to monitor the differentiation of 

mesenchymal stem cells inM specific types of mesenchymal cells. This will be 
especially important when these cells are re-introduced into the human body to 
replace loss of damaged mesenchymal tissue, such as bone or cartilage 

li 
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Finally, the idmtificatijnm of specffic eel surface markers for mesenchymal 
stem cells may be used fas t|eir isolation oat of a complex misaanire of cells by cell 
sorting techniques such as flujorescmc© activated cell sostmg (FAGS). 
Q It is thus highly desirable in the Sight of the aforementioned problems to 

•O ' 5 ^^^^kokteMSC, for: further use in bone, carffl^^ 
y^jj tendon or connective tissue repair in vivo or in vitro. In this ffespeet, the present 

=fl invention addresses this needs and interest. 



SUMMARY OF TEE BKYEKTIOH 
g£ 10 in view of the foregoing disadvantages known in ise art when trying to 

^ isolate and identify atammaliian MSG, the present invention psovides marker for 

^ mammalian MSC suitable for identifying and isolating mammalian MSG, 

One object with me present invention is to provide methods for Mentifying, 
^ isolating mamnialian MSC, or an en^^ 

15 Aaomer object is to provide uses ofthemaita acceding to the invention for 

identifying or isolating nian^nalian MSC. 

Thus, me present invention provides a masker for saammaiian mesenchymal 
stem cells. The marker comprises an integrira alpha 10 chain and/or imtegdn alpha 1 1 
chain expressed on the cell surfece of mesenchymal stem eel or intracellular in a 
20 mesenchymal stem cell. 

Further embodiments Snclude wherein me mtegrin alphalO sad/or totegrin 
. alpha 1 1 chain is expressediss a heterodimer in combination wifih an integdn betal 



Also, the present motion provides a method foe identifying a mammalian 
25 mesenchymal stem cell Such a method comprises the steps of 

a) providing a sample comprising a mesenehymal stem cell, 

b) detecting infegrin alphalO and/or alpha! H chain expression on the 
cell surface of a mesenchymal stem cell or intracellular in a mesenchymal stem 
cell, 

30 C ) scoring the frkegrin alphalO and/or alpha! 1 chain expression, and 

d) identifying the mesenchymal stem cell aceciding to the scoring in c) 
above. • 

Further embodiment! include wherein the egression in b) above is detected 
by detectingthe integrfn al^alO and/or iategan alpha 11 protein e^essioa 
35 Even farther embodiments include wherein the expression in b) above is 

detected by detecting the imjjgsin alphalO and/or integrfn alpha 1 1 mRNA 
expression. : i 
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Even fuztheir, the present inversion provides & meshod fo? detemusuag 
whether a test compound modulates a mammaMasB mesenchymal stem cell 
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5 Such a method comprises the steps of 

a) providing a mesenchymal ssem eel] 

b) contesting thk mesenchymal stem cell with a test compound, aad 
©) detecting a change in *ate o? pattern of diEfe^taataoa of the 

' mesenchymal stem cell as an indication of that the test eompomd 
mediates mesenchymal stem cell di^KmtodoiQL 
StfiH even fissther, the ; presents invention pswides a method producing an 
isolated population of mammalian ceiSs emiched fas mesenchymal stem cells 
relative a reference popualataoji. Suxch a method comprises the steps of 

a) providing a at{ least a portion of a population of cells, or a porJion of 
a reference population, comprising MSG and at least one cell other Uhaa 
the mesenchymal stem cells, 

b) introducing into fee population of cells in a) above a compound 
identifying thejsoliesenchymal stem cells, 

c) selecting and {isolating feom the population of cells in b) above fee 
mesenchymal stem eels, thereby producing a population of cells 
enriched for mesenchymal stem cells. 

The method according to flhe invention may in ftatibm ©mbodiments include 
wherem She mesenc%mal st4ra eels is identified as a mesenchymal stem cell by 
detecting expression of interim alphalO sad/or alpha! 1 dfrain es^essaoa on Jhe cell 
25 surface of said mesenchym^ stem cells according to the meihod disclosed ha the 
present invention. 

Even further, aim enric&ied mammalian cellular population of mesenchymal 
stem cells, comprising at leajtt one intact, viable mesenchymal stem cell is disclosed. 
Such enriched cellular population is a population wherean the mesenchymal stem 
30 cell is characterised by 

a) espresssng an integrin alpha 10 ehak and/or mtegrfe alpha 1 a chain 
on the cell surface of or intracellular in said mesenchymal stem cell, 

b) being substantially fiee fiom expression of molecules specific for 
committed HrmphohemsKopoietic colls or uncomiaafe&ed stem cells. 

35 Also, an isolated mahiTnaHaa mesenchymal stem cell espiressisg a marker 

according to the invention, i btainable by the method for producing a population of 
cells enriched for mesenchimal stem cells according to the invention is disclosed. 
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Still eve© farther, a mammalian cellular composition composing th© eariched 
cellular population according to the kventiom, or tike Isolated mesenchymal stem 
cell according to the invention is disclosed 

Uses of a masker according to the iaveatioa for identificafion of a 
5 mammalian mesenchymal stem eel, for modulating dsfEer^atiom of a mamHrn 
mesenchymal stem cell and ' for isolating a mammalian mesenchymal stem cell are 
also provided. 



t ^£, 10 Ffig, U shorn a schematic view of a suggested stepwise transition from 

^ putative mesenchymal stem cell (MSC) to M^ydiiEferentiatedphenotjfpes. (Psora 

my Caplan A.I. and Bruder S.P Trends MoL Med, 2001, 7(6): 259^264), and 

2 shows that human mesenchymal stem cells in culture egress both 
integrin alpha! 0 and alphal 1 chains cm their cell susfeee. Sa the figure, the upper 
15 band in both lanes is alphal 0 (in the left lone) and alphal 1 (in the right lane). The 
lower band in bom lanes represent the betal chain. 

BETAELEID) ©ESOUIFOltM OF TOE INWBOTOM 
Definitions 

20 As used herein,' me terms "rodent" and "rodents" refer to all members of the 

phyBogenetic order Rodeniia. 

The term "murine" refers to any and all members of the family Muridae, 
including rats and mice. 

The term "substantially fiee from" is herein intended to mean at a below 
25 detection Emits of the assay used thereby appearing negative, ie. fiee fesm. 

The tenn "committed" is herein intended to mean dedicated to, or focused on. 
Thus, a committed ceE is a cell mat is dedicated to, or focused on a specific 
differentiation pathway. From this it will follow that an uncommitted cell is not 
dedicated to, or focused on, any specific diiEfetentiafion pathway and has several 
: 30 options. 



Intergin alpha 10 and integrin alpha J J as a marker for MSC 

We have surprisingly found that the integrins a&halObetal and alphal Ibetal 
are present on human mesenchymal stem cells. Thus, tee integrins can be used to 
35 identify, differentiate, and isolate mesenchymal stem cells from a mixed cell 
population and will be a usisful tool in cell therapy to Eepak damaged tissue. 

The human integrin {alphal 0 chain is known and publicly available at 
OenBank ™/EBI Data Bank accession number AF074015. Thus, new uses and 
methods of the integrin alpha 10 chain are disclosed in the present invention. 
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Hi© jtanaa i&tegia alpml I chain is feaown and ptifoEcSy svaSSable at 
GeoBaak ™/EBl Data Basik accession xraaber AF137378. Thus, 2&ew uses aad 
a methods of the mtegrim alphail 1 chaiia are disclosed m ifo© pr©s©ES IsmsttSoa. 

- As revealed above, the present iavcatSoxn relafcgs to a asarkej? fo? mesenchymal 

5 stem cells (MSC), comprising aa iategsm alpha 10 chaia m&os integda alpha 1 1 
chain expressed on the cell surface of jmasamfllifflm MSC os* mtfaeeHisls3r in 
LO mammalian MSC. ; 

S3 la aroraier embodiment, the sategria alphalO and/or rategrim alpha 1 1 chain 

is expressed as a heterodimer 5© combination with an integrin betal chain. 
1 0 Mammalian MSC is generally isolated from bone marrow, peripheral Mood, 

^ «wd hlood, liver, bone, cartilage, perichondrium, boa©, periosteal© or feL The 

<C isolation may be based on the cells capacity to adhere to plastic easltare dishes and 

|^ form colonies lander specific culture conditions, white the snajoritty of bone marrow 

LLO cells do not adhere aaad formicolonies. 

~ 11 15 T^ 6 colonies may further be expanded and them induced with defined factors 

to differentiate into specific mesenchymal tissues. For chondrocytes, the culture is a 
culture in pelleted micrornass or La alginate without serosa, and wMi TGFbetaS 
added as a defhiied factor. Fox osteogenic eels, eels may he cultoed in the presence 

□ of dexamethasoae, bete-glycjsrol phophate, aseorbafle, and 10% FBS (foetal bovine 

20 serum), and for adipocytes., cells may he cultured in the presence of 2 -methyi-3- 
ispbutylxanthine, dexamethasone, insulin, and mdomemaoin. It is mot clear, 
however, whether the mesenchymal stem ceMs isolated and expanded this way are a 



Human MSC may be psolated from bone naassow, peripheral Mood, cord 
25 blood, liver, hone, cartilage, perichondrium, and periosteum. The MSC may then 
further he isolated folowing a density cenfeifegatioa and found as apart of a 
mononuclear cell fiaction flayer at me density interface of L073 g/aal (Percoll^, 
Pharmacia). Out of this mononuclear cell fraction, 1/10 000 - 1/100 000 cells tan 
colonies upon culture in serum in culture dishes. 
30 Thus, the masker according to the invention, comprising an mtegrin alpha 10 

chain and/or totegrin alpha 1 1 chain, will be highly valuable for further evaluation 
and enrichment of the MSC population. 

A method $br identifying MSC 
35 According to me invention, a method for ideadfymg a mammalian MSC is 

disclosed. The method comprises the steps of 

a) providing a spmple comprising MSC, 

b) detecting integrin chain alpha! 0 and/or alpha! 1 expression on the 
cell surface of a MSC or intraeellular in MSC, 
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c) scoring the integrin alphalO and/os alphal 1 chain esspsgssiom, aad 

d) identifying the MSC sscordkg to the scoring in e) above. 

j 

O The sample comprising mamimsliam MSC may be isolated ftom bone massow, 

5 peripheral blood, cord blood^ liver, bone, cartilage, perichondrium, and periosteum, 
^ ^ described am the paragraph above, the MSC may be isolated by pkstie adhesion 

fSO of a mixed cell population, followed by further optional expansion of the cells with 

defined factors to differential© into different mesenchymal tissues. Fox 
chondrocytes, the culture may be a culture in pelleted ssieromass or in alginate with 
or without serum, and with TGFbetaS added as a defined factor. For osteogenic 
^» cells, cells may be cultured in the presence of dexametSiasone, beta- glycerol 

|^ phophate, ascorbate, and 1 0?i FBS (foetal bovine s©guan), and for adipocytes, eels 

|j| *°&y fee cultured in the presence of l=memyl=34spbutylxainhine, dexamethasone, 

insulin, and indomethacin j 
15 In further embodiments of me invention, other maaskers may be analysed m 

parallel with the marker according to the invention. Such other maEfeess are SH-2, 
SH-3, CD29, CD44, CD71, &D90, CD106, CB120a, CB124, CD10S, and Str©-1 
that MSC may express. Markers that do not express on MSC are CD14, CB34 and 
CD45 and their egression nbay in former embodiments also be evaluated together 
20 with the marker according ttcj the invention. 

In a further embodiment the expression in b) above is detected by detecting 
the integrin alphalO and/or i|itegrin alpha 1 1 protesa egression. 

In still a further embodiment; the integrin chain alphalO and/or alphal 1 
expression is detected on the cell susfeee of a MSC or fotraeellular in a MSC. 
25 In still a further embo'dhnemt, the expression in b) above is detected by an 

immunoassay. The detection! may be performed by various methods, e,g. amy 
hnmunomethod known to the skilled man in the art, such as immmoprecipitafion, 
Western blotting or flow cytometry methods, e.g. fluorescence activated cell sording 
: ' : (FACS). Monoclonal antibojiies are partioalarly useful for identifying markers, 

: 30 surface membrane proteins as well as intracellular markers, associated wish 

particular cell lineages and/4r stages of differentiation. Thus, it is suitable for the 
identification of integrin alpbalO as well as alphal 1 . Still, identification may as well 



be performed by any specific molecule, such as a protein or peptide, binding 
specifically to the integrin alphalO and/or the integrin alphal 1 molecule. Examples 
of such proteins or peptides are natural ligands, binding to me integrin alphalO 
and/or the integrin alphal 1 1 aoleomle. Such natural ligands may be made 
recombinant, chemically sya thesised, or purified from a natural source. 

La still a further embc dnment, the expression above is detected by detecting 
the the integrin alphalO and; or iategrin alpha 1 1 mRNA expression. Detection of 
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m&NA expression of a specific pattern is well laaown to the sMUed man in nhe art, 
and is generally done by prol ing (Hie mXSNA with a DNA or SNA probe specific for 
the mBNA of snterest, tinder tybridisation conditions where tiie psobe is not 
hybridising to other mKNA AoSeeules. Different polymerase chafe reactions (PGR) 
may also be used, which is obvious to she skilled man in the art. 

TH» scoring of the inte,gria alphal 0 and/or dhe integral alphal 1 molecule 
©pj expression may be done relative to a reference eel population expressing the 

integrin alphalO aad/or the integrin alphal 1 molecule, as well as mot expressing the 
integrin alphalO amd/oir the iategrin alphal 1 molecule. 

The subsequent adentffication of MSC is based upon th© above described 
scoring. 1 

A method for producing an isolated population of cells enriched for mammalian 



MSC 



IS According to the tovehtion, a method is disclosed for producing m isolated 

population of cells enriched for mammalian MSC rektive a reference population, 
the method comprising me steps of 

a) providing a at least a portion of a population of ©ells, or at least a 
portion of a reference population, comprising MSC and at least one 
20 cell other than a MSC, 



b) introducing jrcto the population of cells in a) above a compound 

identifying the MSC, 
e) selecting and isolating from me population of cells in b) above the 
MSC, thereby producing a population of cells enriched for MSC. 
25 Providing a population is described in the paragraphs above, and may be 

performed in a similar way <js in me method fbr MenMcation of MSC. If the 
population of cells is coUectld from BM, at about 0.01=0.001% of the starting 
population, or "crude population", is MSC. Though, this may vary between different 
donors. j 

30 The compound introduced to identify the MSC m&y be a protein, pepide, 

monoclonal antibody, or part thereof, or polyclonal antibody identifying the MSC. 
In one embodiment, the MSC is identified as a MSC by detecting esspressiom of 
integrin chain alphalO and/dr alphal 1 expression on me cell surface of said MSC 
according to the method for Identifying MSG described above. 

35 The selection and isolation of MSC is a separation step for separating the 

identified MSC. Various techniques may be employed to separate me cells by 
initially removing cells dedicated to other lineages than MSC. Monoclonal or 
polyclonal antibodies, or parts Hhereo£ are particularly msefial for identifying 
markers, here on iatact viable cells being surface membrane proteins, associated 
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with particular cell lineages and/ae stages of differentiation. The antibodies may be 
attached to a solid support to allow for a first crude separation. Hie separation 
^ techniques employed should maximize the retention of viabiljy of the fraction So be 

O collected. Various techniques of different efficacy nosy be employed known to the 

S^j) 5 skilled inman mm the art The particular technique employed will depend tsipom 

yyj efficiency of separation, cytotoxicity of the methodology, ease and speed of 

performance, and necessity for sophisticated! equipment sad/or technical skffl. 

Procedures for separation may include magnetic separation, rasing e.g. 
antibody-coated magnetic beads, affinity chromatogragihy, cytotoxic ageate joined to 
10 a monoclonal antibody or used in conjunction wha a monoclonal antibody, e.g., 
complement and cytotoxics, and "panning" with, antibody stiached to a solid matrix 
&= e -g-» a P 18 * 6 . <» o^er convenient techniques. Techniques providing accurate 

iu3 separation include fluorescence activated ceil sorters, which can have varying 

de S«ees of sophistication, e.g., a plurality of colour channels, light scattering 
15 detecting channels, impedance channels, etc. known to the sMISedl mam in the art 
In one embodiment, the first enrichment step of MSG assy be a negative 
selection of the MSG, Le. other lineage committed cells are depleted, or removed, 
from the initial population of cells. 

In still a further embodiment, the first enrichment is a positive selection of 
20 MSG that may be repeated till the desired purity of the MSG is achieved. For a 
positive or a negative selection, proteins, peptides, monoclonal or polyclonal 
antibodies may be used as a compound to identify the tategsfan alphalO or integrin 
alpha 1 1 molecule as described above. Hie compound maybe conjugated with 
means for separation, such as magnetic beads, which allow for direct separation; 
25 biotin, which can be removed with avidin; or streptevidia bound to a swpport; 
tmorochromes, which can be used with a fluorescence activated sell sorter; or the 
like, to allow for ease of separation of are particular sell type. Any technique may be 
employed which is not unduly detrimental to the viability of the cells of interest, ie. 
the MSG. 

30 fa one embodiment, the selection is performed by finorescent cell sorting, by 

using e.g. a fluorescence activated cell sorter (FAGS) or any other methodology 



which is particularly convenient The cells may be separated on the basis of the level 
of staining for the particular antigens. In a first separation, antibodies for other 
35 markers may be used labeled with one fluorodarome^ while the antibodies for the 
dedicated lineages, i.e. the integrin alphalO and/or integrin alphall, maybe 
conjugated to (a) different fluorochrome(s). Other mar&ess may in further 
embodiments be SH-2, SH-3, CD29, CD44, CD71, CD90, CD106, CDl20a, 
CD124, CD105, and Stro-1 that MSG may express. Markers that do not express on 
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MSC are CM4, CB34 and CD45 sad their e^ressaon, or lack of, may la further 

embodiments also be evaluated togeflter wiSHs the maimer according to the invention. 
If further lineages or cell populations are to to© removed m Mb stfjp, various 

antibodies to such lineage specific snaxfeeKS may be included* Fluosodiromes which 
5 may find use in a rault5«=co!o? analysis include ph^bffiproteins, e.g:, phycoerythrin 

and alloph^ocyanins, fluorescein, Texas red, etc 

The cells may be selected against dead eels, by employing dyes associated 

with dead ceils (propidium iodide, LBS). The eels may be collected in a medium 

comprising fetal calf seraim. 
10 Other techniques for positive or negative selection may be employed, which 

penznii accurate separation, such as afiBnitiy columoas^ and the 

Cells may be selected based on Hght-seatfrer p*ope£i5es as wdfi as their 

ejgxression of various cell surface antigens. 

While at is believed that the pasttacular oTdei? of separation is not critical to Ibis 
1 5 invention, the order indicated is preferred. Preferably, eels are MMy separated by 

a crade separation, preferably a negative selection, followed by a jfSae separation, 

which is a positive selection, with positive selection of a xnarker associated with 

MSC and negative selection for maskers associated with Ineage eomnritfced cells, 

and other stem cell populations not being MSC. Hais separation is followed by 
20 selection for si cdlutar composition having snuM-Kneage potential as a MSC and 

enhanced self-regenerstion capabiSity. The composition is forttar described below. 

Isolated mammalian MSC \ 

According to the invention, an enriched celluSar pc^Mori of manmialian 
25 MSC is disclosed. Such a cellular population coniprises intact, viable MSC, wherein 
the MSC are characterised by 

a) expressing an integrfn alpha 10 chain and/or integrin alpha 11 chain 
on the cell surface of said MSC or intraceMar in MSC, 

b) being substaaxtialiy firom expression of molecules sgetific for 
committed hematopoietic cells. 

Molecules specific for comimitted hematopoietic cells are e.g. CD45. 
Other molecules the MSC cells are substantially fees fixpm w§ e.g. CD34 and 
CD14. 

In tether embodiments, the enrichment of such a population is about 70, §0, 90, 
95, 98, 99, 99,9, or even 1 00%. 

According to the invention an isolated MSC Guessing a xnsxte according 
to the invention is disclosed. Hie isolated MSC axe obtainable by the method for 
producing a population of cells enriched for MSC according to the invention. 



30 



35 
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A celhdar composition 

Accorfiixng to the invention, a mammalian cellular eompositioa is disclosed 
Sucb a composMoa comprises the eanc&edl nm£Q2saaM®a ceSMasr population 
\I according to the invention, or fiie isolated mammalian MSG accoydmg to the 

5 iaventioB. 

Compositiotas having greater than 90%, usually grater than about 95% , such 
2JLD as 98, 99.9%, ofhuxman MSG cells may be achieved accoirding to the disclosed 

methods fi* emichment of MSG. Such MBC $se able to provide for cell 
iregenemtion and development of members of all of She various lineages of MSG, 
10 such as osteocytes, choadrocytes, e.g. hypesteopic ehondiroeyfies, myocytes, muscle 
cells, myotomes, stromal celBs, T/L fibroblasts, adipocytes, tendocytes, dennal and 
other cells. This is generally done in cultures, supplied with specific factors 



i 

a 



2uj Ultimately, a single cell may be obtained from a MSG composition and used 

G3) 15 for long tem reconstitute of am 
tissue formation or regeneration. 

The cellular composition according to the invention may be used for 
treatment of genetic diseases. Genetic diseases associated wish MSG may be treated 
by genetic modification of autologous or allogeneic MSG to correct me genetic 
20 defect For example, diseases such as different connective tissue diseases, e.g 
osteogenesis imperfecta, Ehlers Danlos syndrome, Chondrodysplasia, Alport 
syndrome may be corrected by introduction of a wild-type gene into me MSG, either 
by homologous or random recombination. With allogeneic MSG, normal cells 
lacking the genetic defect can be used as a sherapy. Other embodiments of gene 
25 therapy may be introduction of drug resistance gooes to enable normal MSG to have 
an advantage and be subject to selective pressure, e.g. the multiple drug resistance 
gen© (MDR). 

Diseases o«her than those associated with MSG may also be treated, where 
III the disease is related to the lack of apartieular secreted product such as a honnone, 

I 30 enzyme, interferon, fector, or the like. By employing an appropriate regulatory 

initiation region, inducible production of me deficient protean may be achieved, so 
that production of flhe protein will parallel natural production, even though 
production will be in a different cell type from me cell *ype mat normally produces 
such protein. It is also possible to insert a ribossyme, antisense or other message to 
35 inhibit particular gene products or susceptibility to diseases, particularly connective 
tissue diseases. 
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Modulation of MSC 

Ou According to the invention a method for detesnaining whether a test 

0 ) compound modulates a mammalian MSG differea«xstaoa is disclosed. Such a method 

o comprises the steps of 

LJLfl 5 a) providing a MSG 

go h) contacdngflieMSCwithatesitcompom4and 

detecting a change in rate or pattern of dife^ntiation of ^e MSG as 
an indication that the test compound modulates MSG differenSialion. 

^> The MSG provided may be an emiched cell pqpnlation achieved according to 

10 any of the methods disclosed, the isolated MSG according to the invention, or the 

jjr^J cellular composition according to the invention. 

S=JB=D , ^@*^^rajpound may be any compound 

^ affect MSC, e.g. phairaaceutical cosnposMons, drugs, polyclonal or monoclonal 

antibodies, or pasts thereof, such as embodies binding to integrin aiphalO and/or 

15 integrin alphal 1 or any other molecule on the MSG, factors used to promote growth 
of MSG, e.g. FBS, FGF, or factors used to promote differentiation of MSG, e.g. 
dexamthasoae, TGFbefca, insulin. 

The detection of a change in rat© or pattern of differentiation of the MSG as 
0 an indication that the test compound modulates MSG differentiation may he done 

20 via flow cytometry or any other suitable method, such as any immtsaomethod, 
known to the skilled man in the art. The change in rate or pattern of dif&entiation 
may be kinetacal 9 functional or pheaoJypicaJ studies of the MSG modulated with the 
test compound, relative for an untreated, or mock teeated, MSG population. It may 
also be a comparison relative to least one second test compound. 

25 In a further embodiment the MSG is identified as a MSG by detecting 

expression of integrin chain alphalO and/or alphal 1 expression on the cell surface 
of said MSG or antraceliular in MSG according to the method of identifying MSG 
disclosed herein. 

• - 

• » • 

: 30 Use of a marker 

" " Th® mammalia n MSC, susfla as toman or mouse, provided herein find a 

. : . - . number of uses. For instance, 1) re-gerenaliom of a host deficient m MSC; 2) 

treatment of a host by the re-engraffcnent of MSC for re-genesatson of bone, 
cartallage, snuscla, masow, tendoa/iigsment aad soaaestivs tissue in a patient in the 
35 need thereof; 3) ia detecting and evaluating growth factors relevant to MSC self re- 
I generation ; 4) in development of MSC lineages and screening for fectore associated 

'■ '} wftm their development and differentiation. 

*---' Further, the masker according to the invention has several uses. The marker 

according to the invention comprises the integrin alphal 0 and/or alphal 1 chain 
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expression. Said marker may thus be used to identity, differentiate, and isolate 
_. iS= mammalian mesenchymal stem cells from a mixed cell population and will be a 

pu= useful tool in cell therapy to repair damaged tissue. 



w According to me invention, use of the marker according to the invention is 

CJ> 5 disclosed for identification of MSC. 

Further, a use of a marker according to the invention is disclosed, for 
modulating differentiation of a MSC. 

Still even further, a use of a marker according to the invention is disclosed, 
for isolating a MSC or an enriched population of MSC. 



lULfl 
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Mammalian MSC 

In the methods and uses disclosed in the present invention, mammalian MSC, 
mammalian cellular populations and mammalian cellular compositions are 
disclosed. 

15 In specific embodiments, the mammal may be a human. 

Still further embodiments include wherein the mammal is a rodent, such as a 
rat, mouse, or any other member of the family Muridae. 



20 



EXAMPLES 

Sample 1 Detection of integrin ajphalO and integrm ajghaj 1 chain on human MSC 



Objective 

The objective of mis example is to analyse human MSC for the expression of 
25 integrm alphalp and alphall.usmgimmunoprecipitation. 

Materials and methods 

Human mesenchymal stem cells (obtained from In Vitro, Sweden, at passage 
2), were cultured in MSCBM medium (provided by In Vitro, Sweden) until passage 
30 4 and then surface biotinylated. 

In brief, cells adherent on the plate were washed once with PBS and then 
surface biotinylated using 0.5mg/ml Sulfo-NHS-LC-biotin (Pierce) in 4ml PBS for 
20min. Cells were then washed once with PBS and 10ml 0.1M glycine/PBS were 
added for 5min. 

35 After washing once with PBS cells were lysed in 1ml lysis buffer (1% NP40, 

10% glycerol, 20mM Tris/HCl, ISOmM NaCl, ImM MgCfe. ImM CaCl* protease 
inhibitor coctail BM, pH7.5). The cell lysate was collected with a plastic scraper, 
pipetted into an eppendorf tube and spun down for lOmin at 1 S.OOOg. 
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Hie supernatant collected from the centrifugation step above was incubated 
with 2microliter of alphalO pre-immune serum followed by addition of 20^1 Prot G 
sepharose (Amersham) in 1 OOpl lysis buffer. 
O After rotating the cells in lysis buffer over night at 4°C the lysate was 

^J) 5 centrifuged for lrain at 8000 rpm and the supernatant removed. For each 
yy immvmoprecipitation ISOfiJ cell lysate were pipetted into an eppendorf tube and 1 jxl 

of antiserum was added. The sera used were rabbit-anti-human alO and rabbit-ami- 
human al 1 9 respectively (both sera against the cytoplasmic domains of the 
g=3 integrins). 

10 After lh rotating at 4°C, 20nl protein G Sepharose (Amersham) inlOO^l lysis 

35jJ buffer was added and the mixture further rotated for another 3 Omin. 

0= The Sepharose-beads were then spun down briefly and washed three times 

g| with lysis buffer. 

©Q) 20^1 SDS-PAGE sample buffer (including lOOmM DTT) was added to die 

15 Sepharose beads and then the samples were boiled for 5miiu S|xl of each sample 
were run on a 8% SDS-PAGF, gel (Novex) and then electro-transferred onto a 
PVDF membrane. 

The membrane was blocked in 2% BSA/TBST (IBST: 20mM Tris/HCl pH 
7.5, 150 mM NaCl, 0.05% Tween 20) for lh, washed once with TOST and then 
20 incubated with 2 pi Extravidin-peroxidase (Sigma) in 8ml blocking buffer. 

After lh the Extravidin-peroxidase solution was removed and the membrane 
washed 3x20min in TBST. Surface biotinylated proteins were then detected with 
ECL (Amersham) and visualised on a photographic film. 

25 Results and discussion 

In figure 2, the results of the immunoprecipitaion is shown. Human 
mesenchymal stem cells in culture express both integrins alphalO and alphal 1 on 
their surface. In the figure, die upper band in both lanes is alphalO (in the left lane) 
f: and alphal 1 (in the right lane). The lower band in both lanes represent the betal 

: 30 chain. 

> 

; Both integrin alphalO and alphal 1 expression is identified. 



o 
o 
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CLAIMS 



1 . A marker for mammalian mesenchymal stem cells, comprising an mtegrin 
alpha 10 chain and/or integral alpha 11 chain expressed on the cell surface of 
a mesenchymal stem cell or intracellular in a mesenchymal stem cell. 

2. The marker according to claim 1 9 wherein die integrin alphalO and/or 
integrin alpha 1 1 is expressed as a heterodimer in combination with an 
integrin beta! chain. 



10 



to 3. A method for identifying a mammalian mesenchymal stem cell, the method 

s|£ comprising the steps of 

a) providing a sample comprising a mesenchymal stem cell, 

b) detecting integrin chain alphalO and/or alphall expression on the 

15 cell surface of a mesenchymal stem cell or intracellular in a mesenchymal stem 
cell, 

c) scoring the integrin chain alphalO and/or alphal 1 expression, and 

d) identifying the mesenchymal stem cell according to the scoring in c) 

above. 

20 

4. The method according to claim 3, wherein the expression in b) above is 
detected by detecting the integrin alphalO and/or integrin alpha 1 1 protein 
expression. 

25 5. Hie method according to claim 3, wherein the expression in b) above is 

detected by detecting the integrin alphalO and/or integrin alpha 1 1 mRNA 
expression. 

I 11 6. The method according to any of claims 3-4, wherein the expression in b) 

: 30 above is detected by an immunoassay. 

7. A method for determining whether a test compound modulates a mammalian 
\ I mesenchymal stem .cell differentiation, die method comprising the steps of 

' m '\ a) providing a mesenchymal stem cell 

35 b) contacting the mesenchymal stem cell with a test compound, and 

c) detecting a change in rate or pattern of differentiation of the 
mesenchymal stem cell as an indication of that the test compound 
modulates; a mesenchymal stem cell differentiation. 

i 
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The method according 
differentiation is 
expression on the ce; 
in a mesenchymal stern 



to claim 7, wherein the rate or pattern of 

y detecting integral chain alphalO and/or alphal 1 
surfece of said mesenchymal stem cell or intracellular 
cell according to the method in any of claims 3-6. 



A method for producer 
for mesenchymal 
comprising the steps c 

a) providing atji 

reference 

one cell other than 



b) introducing |: 
identifying the; 

c) selecting aojli 
mesenchymal 'jfy 
enriched for 
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g an isolated population of mammalian cells ranched 
cells relative a reference population, the method 



icf 

j :ast a portion of a population of cells, or a portion of a 
ton, comprising a mesenchymal stem cell and at least 
a mesenchymal stem cells, 
rtto the population of cells in a) above a compound 
ti Mesenchymal stem cells, 
isolating from the population of cells in b) above the 
fm cells, thereby producing a population of cells 
stem cells. 



10, The method according to claim 9, wherein the mesenchymal stem cells is 
identified as a mesettc hymal stem cell by detecting expression of integrin 

1 chain expression on the cell surface of said 
mesenchymal stem cie Us according to die method in any of claims 3-6. 



The method accordfflj > to any of claims 9-10, wherein the selection in c) 
above is performed U r fluorescent cell sorting. 

An enriched manunjal tan cellular population of mesenchymal stem cells, 
comprising at least br e intact, viable mesenchymal stem cell wherein die 
mesenchymal stem ce 11 are characterised by 

a) expressing i a integrin alpha 10 chain and/or integrin alpha 11 chain 
on the ceu| i lrfacc of or intracellular in said mesenchymal stem cell, 

b) being sub^t i otially free from expression of molecules specific for 
committed; ftnphohematopoietic cells or uncommitted stem cells. 

An isolated mammal i an mesenchymal stem cell expressing a marker 
accordingto any ofjtlaims 1-2, obtainable by the method for producing a 
population of cells a ) riched for mesenchymal stem cells according to any of 
claims 9-10. !» 

i; 
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14. A mammalian cellulMt 
population according to 
according to claim H 
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5 15. 



Use of a 
mammalian 
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of a marker accc rding to any of claims 1-2, for isolating a mammalian 



17. Use 

mesenchymal stem 
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composition comprising the ranched cellular 
claim 12, or the isolated mesenchymal stem cell 



icjjmial 



ing to any of claims 1-2, for identification of a 
stem cell. 



16. Use of a marker according to any of claims 1-2, for modulating 
differentiation of a mammalian mesenchymal stem cell. 
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ABSTRACT 
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ehyinal stem cells (MSC) is provided, comprising an 
it an integrin alphal 1 chain expressed an the cell surface 
The marker is used in methods for isolation of 
5 mammalian MSC and in methods for identification of MSC. Also included are 

• < 

of mammalian MSC and a cellular composition 

r, uses of said marker for isolation, modulation and 
t MSC are provided. 



A maxker formes* 
integrin alphalO chain an<# 
of or intracellular in a MSG 

isolated cellular populatioi^ 
comprising the latter. Moreover 
identification of mammalia 
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